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(54) Printing wiring board and assembly of the same 

(57) A printed wiring board (PWB) and assembly 
are described which are suitable for high density mount- 
ing of an electronic component and which can provide a 
thin and light assembly. A recess (10) is formed in one 
part of a PWB (1) and components (4 t 4') are received 
in this recess (10). The components (4, 4 1 ) are lower 
than the surface of the PWB (1). A conductive pad (3) is 
provided to the bottom of the recess (10) and a connect- 
ing terminal (4a) and the conductive pad (3) are electri- 
cally connected by using a solder ball (11) or a 
conductive adhesive material. The recess (10) is 
formed by partially removing one or more layers of plu- 
ral conductive layers and insulating layers which make 
up the multilayer PWB (1). 
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Description 

This invention relates to a printed wiring board 
(PWB) for mounting a component including an elec- 
tronic circuit, and an assembly of the same. 5 

As portable electronic equipment has become 
smaller and thinner, the mounting density of electronic 
components, such as semiconductor devices, resistors, 
capacitors, on PWBs has increased remarkably. Multi- 
layer PWBs enable high-density mounting of such elec- 10 
tronic components. A multilayer PWB, for example, is 
formed by laminating plural PWBs on which conductive 
circuit patterns are previously formed, and connecting 
the circuit patterns of the PWBs with each other by a via 
hole. is 

Published Unexamined Japanese Patent Applica- 
tion (Tokkai-Sho) No. 60-57999 discloses a multilayer 
wiring board, where the inner layer patterns of the lami- 
nated PWBs are partially exposed in step-wise, and a 
conductive pad is connected to the exposed conductive 20 
patterns. In a general multilayer wiring board, a conduc- 
tive pad is provided only to the outer layer, therefore, 
many via holes are necessary to connect the exterior 
patterns and the inner layer patterns. On the other 
hand, the multilayer wiring board disclosed in this refer- 25 
ence can reduce the number of the via holes by provid- 
ing another conductive pad to the exposed portion of 
the inner layer. This reference, however, does not dis- 
close how to connect the conductive pad provided to the 
exposed portion of the inner layer to the electronic com- 30 
ponent, or how to produce such a multilayer wiring 
board. 

Published Examined Japanese Patent Application 
(Tokkoh-Hei) No. 5-41039 discloses a PWB, where a 
recess is provided by counterbore processing, and a 35 
semiconductor device is placed in the recess. The sem- 
iconductor device and the conductive pad of every layer 
are connected by a bonding wire, and sealed with resin. 
In this way, the semiconductor device is contained with- 
out substantially exceeding the thickness of the PWB. 40 
This method depends on connection by the bonding 
wires, and thus, this reference does not disclose appli- ; - 
cation of the method to a surface mounting technology 
(SMI). . 

FIG. 1 6 is a cross-sectional view to show the PWB 45 
31 to which a component 32 such as an integrated cir- 
cuit is mounted by conventional surface mounting tech- 
nology. Since a lead pin 32a of the component 32 is 
soldered to the conductive pad 33 on the PWB 31, the 
component 32 is electrically connected and fixed to the so 
PWB 31. 

FIG. 1 7 shows an example where a component 34, 
such as a speaker, is mounted on the surface of the 
PWB 31 . The component 34 is fixed on the PWB 31 by 
an adhesive tape 35, while the lead wire 34a from the ss 
component 34 is soldered to the conductive pad 33 on 
the PWB 31. 

In a PWB assembly using SMT, the mounting area 
is reduced due to the high density trend, however, the 



assembly has not decreased significantly in thickness. 
Especially, when a comparatively large component such 
as a package semiconductor (e.g. IC f LSI), a speaker, 
or a microphone is mounted, the component becomes 
much higher than the surface of the wiring board. 

Therefore, an assembly using a conventional multi- 
layer PWB does not meet the requirements for thin port- 
able electronic equipment. If the assembly is thick, the 
portable electronic equipment cannot be thin, and the 
design of such electronic equipment will be limited. 
Reduction of the assembly's weight is another important 
aim. 

This invention aims to provide a thin and light multi- 
layer PWB and an assembly of the same in order to 
solve the above-identified problems of the conventional 
techniques. 

A first PWB assembly of this invention comprises a 
PWB having an opening for receiving a component that 
includes an electronic circuit, and a component placed 
in the opening, which is substantially thinner than the 
PWB and is electrically connected to the PWB. As a 
result, a thin assembly can be provided. If a second 
component is mounted on the component which is 
received in the opening, or if the second component is 
mounted stretching over the first component and the 
PWB. other advantages can be obtained. For instance, 
the PWB area can be reduced. The other preferable 
embodiments according to this configuration will be 
explained below. 

In a second PWB assembly of this invention, a com- 
ponent including an electronic circuit is placed in a 
recess formed in the PWB, and a connecting terminal 
provided to the bottom of the component is electrically 
connected to the conductive pad formed on the bottom 
of the recess by using a conductive adhesive layer. 
Examples of such an adhesive layer include a solder 
ball or a two-step protruded electrode and conductive 
adhesive. According to this configuration, a thin assem- 
bly can be provided, and a plurality of components can 
be mounted on the recess with a high density. 

Such a recess for receiving a component can be 
formed by partially removing one or more layers of the 
plural conductive layers and insulating layers that com- 
prise the multilayer PWB. More specifically, the process 
for producing such a PWB comprises the steps of: 

a) preparing plural double-sided conductive layer 
boards manufactured by sandwiching an insulating 
layer between two conductive layers, and preparing 
at least one insulating layer board to be placed 
between the double-sided conductive layer boards; 

b) forming holes in each board of step a) for electric 
connection between the conductive layers, and 
forming a hole that defines a recess for receiving a 
component in all but at least one board; 

c) etching the conductive layers of the double-sided 
conductive layer boards of step b), so that a prede- 
termined circuit pattern is left; 

d) electrically connecting the conductive layers of 
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the etched double-sided conductive layer boards of 
step c); and 

e) laminating the double-sided conductive layer 
boards and at least one insulating layer board with 
holes aligned so as to form electric connection s 
between the conductive layers and to form a recess 
for receiving the component, and heat-pressing the 
laminate. 

In a PWB assembly provided with a recess for com- w 
ponent receiving, other embodiments can be used as 
the assembly having the opening, for instance, two 
components can be mounted one after another. 

It is preferable that the insulating layer board be 
made of a compressible base material impregnated with is 
resin, so that weight can be minimized. In addition, the 
electrical resistance is reduced and stabilized when the 
conductive layers are electrically connected to each 
other by filling the hole for electrical connection formed 
on the compressible porous material with conductive 20 
paste. The detail is explained below. 

A third PWB assembly of this invention comprises a 
PWB having a recess, a vibration film provided to cover 
the recess, and a coiled conductive pattern placed; 
opposing to the vibration f am, so as to perform conver- 25 
sion between vibration of the vibration film and electric 
current flowing in the coiled conductive pattern. Accord- 
ing to this configuration, it is possible to integrally form a 
speaker or a microphone with a PWB. In other words, 
the weight and cost can be reduced considerably com- 30 
pared to a case that the other component like a speaker 
or a microphone is mounted on the PWB. Various 
embodiments of this configuration will be mentioned in 
detail. 

In another configuration, a PWB comprises a 35 
recess or an opening formed on the PWB in order to 
integrally form a speaker or a microphone with the 
PWB, a vibration film provided to cover the recess or the 
opening, a coiled conductive pattern provided to the 
vibration film, and a magnet placed opposing to the , 40 
vibration film, so as to perform conversion betyyeen 
vibration of the vibration film and electric current flowing 
in the coiled conductive pattern. 

FIG. 1 is a cross : sectional view to show a PWB 
assembly in a first embodiment of this invention. 45 

FIG. 2 is a cross-sectional view to show a variation 
of PWB assembly of FIG. 1 . 

FIG. 3 is a cross-sectional view to show another 
variation of PWB assembly of FIG. 1 . 

FIG. 4 is a cross-sectional view to show still another so 
variation of PWB assembly of FIG. 1 . 

FIG. 5 is a cross-sectional view to show still another 
variation of PWB assembly of FIG. 1 . 

FIG. 6 is a cross-sectional view to show still another 
variation of PWB assembly of FIG. 1 . 55 

FIG. 7 is a cross-sectional view to show a PWB 
assembly in a second embodiment of this invention. 

FIG. 8 is a cross-sectional view to show a variation 
of PWB assembly of FIG. 7; 



FIG. 9 is a cross-sectional view to show another 
variation of PWB assembly of FIG. 7. 

FIG. 10 is a cross-sectional view to show still 
another variation of PWB assembly of FIG. 7. 

FIG. 11 is a cross-sectional view to show a PWB 
assembly in a third embodiment of this invention. 

FIG. 12 is a plan view to show a coiled conductive 
pattern of the PWB assembly of FIG. 11 . : 

FIG. 13 is a cross-sectional view to show a variation 
of PWB assembly of FIG. 1 1 . 

FIG. 14 is a cross-sectional view to show another 
variation of PWB assembly of FIG. 11. 

FIG. 15 is a cross-sectional view to show still 
another variation of PWB assembly of FIG. 11. 

FIG. 16 is a cross-sectional view to show an exam- 
ple of a conventional PWB assembly. 

FIG. 17 is a cross-sectional view to show another 
example of a conventional PWB assembly. 

Preferable embodiments of this invention are 
explained below in detail, referring to FIGs. 1-15. 

FIG. 1 is a cross-sectional view to show a PWB 
assembly of the first embodiment of this invention. The 
PWB 1 comprises an opening 2, and a component 4 is 
received in the opening 2. As shown in FIG. 1 , the com- 
ponent 4 is thinner than the PWB 1 The lead pins 
extending from the component 4 are electrically con- 
nected to the conductive pad 3 on the PWB 1 by solder- 
ing. 

The PWB 1 of this embodiment has an inner via 
hole (IVH) structure where six conductive layers and 
five insulating layers are laminated alternately and the 
layers are electrically connected to each other by a 
through hole (a via hole). This PWB can be produced in 
the following process. 

First, a pre-impregnation is prepared by impregnat- 
ing a nonwoven cloth of aramid fiber with uncured epoxy 
resin. The pre-impregnation sandwiched by two copper 
foils is heat-pressed for about one hour in the condition 
of 180°C, 40Kg/cm 2 , so that a double-sided copper-clad 
laminated board (a. core board) is produced. Next, the 
copper-clad laminated board is provided with a hole. A 
hole of about 0\2-0.4mm in diameter is drilled for a 
through hole. An opening for component receiving is 
also formed by punch-pressing or router-pressing using 
an end mill. In this way, an opening of the component 
size is formed. - ■ . .* 

Next, pattern-etching is conducted to remove the 
copper foils, though the copper foils are partially left for 
the formed hole. A photolithography method is generally 
used for the pattern etching of a high density PWB. In 
this method, the wiring pattern is printed on the core 
board to which a dry film is stuck, by using a mask film 
on which the wiring pattern is printed. Later, unneces- 
sary dry film and copper foils are melted and removed, 
and thus, a desirable copper foil pattern is obtained. 

Both sides of the PWB are completely pattern- 
etched, and the whole parts of the PWB are copper- 
plated. Thus, the inner wall of the through hole is also 
copper-plated, so that the conductive layers are electri- 
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cally connected to each other. The conductive layers 
also can be electrically connected to each other by 
other methods. For example, the layers can be electri- 
cally connected by filling conductive paste (a half- 
kneaded mixture of resin and powder of silver, copper 5 
etc.) in the hole for electric connection. If the layers are 
electrically connected to each other by such a conduc- 
tive paste, the heat-pressing can be omitted during the 
process for producing the double-sided copper-clad 
laminated board. Heat-pressing is carried out in the w 
end. 

Three kinds of core boards are prepared by forming 
predetermined copper-foil patterns on both sides. 
These three core boards and two pre-impregnation for 
insulating layers are laminated alternately, and heat- 15 
pressed for about one hour at t80°C, 40Kg/cm 2 . In this 
manner, a multilayer PWB where six copper foil patterns 
and five insulating layers are laminated alternately is 
provided. The multilayer PWB is about 0.3 to 2.0mm 
thick. An opening is formed on the pre-impregnation to 20 
be sandwiched between the core boards in order to cor- 
respond to the opening of the core boards. Such an 
opening in the pre-impregnation is also formed by a 
punch-pressing or a router processing using an end 
mill. 25 

Next, conductive layers are provided with a hole if 
they are not adjacent to each other and need to be elec- 
trically connected. Then, the inner wall of the through 
hole is plated and electrically connected. After that, a 
solder resist film is printed on the PWB if necessary. In 30 
this manner, a component is mounted on the completed 
multilayer PWB. In a surface mounting technology 
(SMT), a solder paste is applied to the conductive pad 
of the PWB by printing, and a connecting terminal of the 
component is put thereon. The conductive pad is 35 
heated at 200°C or higher by passing through a ref tow 
furnace, and thus, the component terminal and the con- 
ductive pad are connected to each other by melting the 
solder. 

As the comparatively big component 4 is received : 40 
in the opening of the multilayer PWB 1 , the thickness of 
the assembly is not substantially increased after mount- 
ing the component; Therefore, it is [Possible to reduce ; 
the thickness of the electronic equipment in which this 
PWB assembly is received. In addition, a light assembly 45 
can be provided in this embodiment, since the weight of 
the PWB is reduced by the volume of the opening. 

The above-mentioned compressible porous mate- 
rial in which resin is impregnated is used as the insulat- 
ing material, so that the weight of the PWB itself is so 
considerably reduced compared to the case using other 
boards such as ceramics. When the conductive layers 
are electrically connected to each other (via hole con- 
nection) by filling conductive paste in the hole on the 
compressible porous material, the binder in the conduc- 55 
tive paste is easily absorbed in the porous material 
through the hole wall. As a result, electric resistance at 
the via hole is decreased after heating-compression, 
and the electric connection between the conductive lay- 



ers is stabilized. 

In some cases as mentioned below, it is preferable 
that the surface of the component received in the open- 
ing of the PWB and the surface of the same board are 
flush. In such a case, a compressible porous material is 
used for the insulating layer, so that the compressive 
rate is adjusted during heating-compressive process. 
As a result, the component surface arid the surface of 
the PWB become flush since the thickness of the PWB 
can be easily adjusted for the component. 

FIGs. 2-6 show the variations of PWBs, in which the' 
components are received in the PWB's openings and 
the components are thinner than the PWBs. FIG., 2 
shows a variation in which a second component 5 is 
mounted on the first component 4 which is received in 
the opening 2 of the PWB 1. If plural components are 
piled up as indicated in this drawing, several effects will 
be obtained, for instance, the mounting area can be 
reduced. In this invention, the level difference between 
the surface of the assembly and the PWB can be 
reduced. 

FIG. 3 shows another variation in which a second 
component 6 is mounted stretching over the first com- 
ponent 4 received in the opening 2 of the PWB 1. In a 
conventional technique, the first component 4 should be 
low and the second component 6 should have long legs 
for this mounting method. In this invention, however, 
such a mounting can be conducted easily even H the 
first component 4 is high. 

FIG. 4 shows another variation in which a second 
component 7 is mounted stretching over the first com- 
ponent 4 received in the opening 2 of the PWB 1 and 
the PWB itself. In a conventional technique, such a 
mounting will be difficult if the surface of the first compo- 
nent 4 is higher or lower than the surface of the PWB 1 . 
However, it is rather easy in this invention. Therefore, it 
is preferable that the surface of the first component 4 is 
substantially flat and it is flush with the surface of the 
PWB 1. 

FIG: 5 shows a variation in which the opening 2 is 
covered with a sheet member 8 after the component 4 
is received in the opening 2 of the PWB 1. The sheet 
member 8 can have functions such as electric insula- 
tion, electromagnetic shield, heat sink, and moisture- 
proof in order to compensate for the weak points of the 
component 4. As a result, several effects can be 
obtained, for example, the component 4 is electrically 
insulated from outside, effect of unnecessary radiation 
is controlled, or the temperature increase of the compo- 
nent 4 is controlled. In addition, a second component 
(not shown) can be placed on the sheet member 8. In 
FIG. 5, the sheet members 8 are provided to the surface 
and back of the opening of the PWB, however, one of 
the sheet members may be omitted. 

FIG. 6 shows another variation in which a sealing 
resin 9 is filled in the opening 2 after the component 4 is 
received in the opening 2 of the PWB 1 . By filling the 
sealing resin, the component 4 is fixed more strictly to 
the PWB 1 and the electric connection is stabilized. 



7 



EP0 774 888 A2 



8 



Another effect is that the component 4 is protected from 
moisture. 

In the above-mentioned embodiment and its varia- 
tions, the^ multilayer PWBs can be replaced by one- 
sided PWBs or double-sided PWBs. s 

In the above-mentioned embodiment and its varia- 
tions, conductive pads for electric, connection between 
the components and the PWBs are placed only on the 
front side of the PWBs. Such a conductive pad can also 
be placed on the back side of a multilayer PWB or a 10 
doub!e : sided PWB. For instance, when a PWB has a 
component in its opening and lead pins extend from the 
both sides, the lead pins can be connected to the con- 
ductive pads on the front side and back side of the 
PWB /5 

In the above-mentioned embodiment and its varia- 
tions, the components and the PWBs can be electrically 
connected by conductive pads placed on the inner lay- 
ers, not by the conductive pads on the PWBs. For 
instance, the opening may be formed with a stair-shape 20 
cross-section so that the conductive layer of the inner 
layer is partially exposed for connection to the conduc- 
tive pad. In this way, the component received in the 
opening of the PWB will be thinner than the PWB, even 
if it includes the parts for electrical connection with the 25 
PWB. Another advantage is that the component having 
the electrical connection can be completely sealed with 
resin when the opening is filled with the sealing resin. 

FIG. 7 shows a cross-section of a PWB assembly in 
the second embodiment of this invention. The PWB 1 30 
has a recess 10 to receive the component 4. Though 
such a recess can be formed by counterbore process- 
ing, another method, which is effective and excellent in 
mass-productivity can be chosen for a multilayer sub- 
strate. The recess 10 (see FIG. 7) of the multilayer PWB 35 
having six conductive layers and five insulating layers is 
formed by partially removing the four conductive layers 
and four insulating layers, and two conductive layers 
and one insulating layer are left. 

For instance, in a method for producing a PWB 40 
explained in the first embodiment, the recess 10 can be 
formed by previously forming an opening sized to 
receive the component 4 in the core board and pre- \ .' 
impregnation excluding one core board, when a six pat- 
terned multilayer PWB is produced by laminating alter- 45 
nately three core board formed with double-sided 
copper foil patterns and two pre-impregnation. ' ' 

This embodiment is especially suitable for a case in 
which the component 4 should not be exposed from the 
back side of the PWB. In this embodiment, a light so 
assembly can be provided as in the first embodiment, by 
preventing the surface of the component 4 from being 
exposed from the surface of the PWB 1, more prefera- 
bly, by forming the component 4 and the PWB 1 to be 
flush. The variations (FIGs. 2-6) in the first embodiment 55 
can be used in this embodiment, too. In other words, the 
above-mentioned effects can be obtained by, for exam- 
ple, mounting another component on the component 
mounted on the recess, by mounting a component on 



the recess and covering the recess with a sheet mem- 
ber, or by filling a sealing resin in the recess. The other 
variations of this embodiment are shown in 

FIGs. 8-10. Though in FIG. 7, the conductive pad 3 
to which the lead pins of the component 4-are electri- 
cally connected is formed on the PWB 1 as same as the 
first embodiment, in FIGs. 8-10, the conductive pads 
are formed on the exposed faces of the inner layers of 
the PWBs, namely, the conductive pads 3 are formed on 
the bottom of the recess 10. 

In FIG. 8, the lead pins of the component 4 are sol- 
dered to the conductive pad 3 on the bottom of the 
recess. As mentioned in the first embodiment, the lead 
pins can be soldered by using solder paste at the same 
time that the other surface mounting components are 
soldered. 

In FIGs. 9 and, 1 0. the component 4 is provided with 
a terminal 4a for electrical connection on its bottom, 
instead of lead pins. This connecting terminal 4a is elec- 
trically connected by using an adhesive layer to the con- 
ductive pad 3 placed on the bottom of the recess 10 of 
the PWB 1. The adhesive layer is. for example, a solder 
ball or a conductive adhesive. The advantage of this 
mounting method is that plural components (4, 4*) can 
be mounted with high density on the recess as shown in 
FIG. 9. and thus, it is suitable for bare chip mounting of 
a semiconductor. 

In FIG. 9, the connecting terminal 4a of the compo- 
nent and the conductive pad 3 are electrically con- 
nected through a solder ball 1 1 , The solder ball is set on 
the conductive pad 3, and the component 4 is temporar- 
ily fixed so that its terminal will be positioned on the sol- 
dering ball. As a result, the terminal of the component 4 
and the conductive pad 3 are connected to each other 
by melting the solder ball. . 

In FIG. !0, the connecting terminal 4a and the con- 
ductive pad 3 are electrically connected to each other 
by using a two-stage protruding electrode 12 and by 
using a conductive adhesive 13. Such a connecting 
method is called stud bump bonding (SBB). In FIG. 10, 
the two-stage protruding electrode . 12 is adhered to the 
terminal side of the component 4, and the conductive 
adhesive 13 is applied between the protruding electrode 
12 and the conductive pad 3, Otherwise the conductive 
adhesive can be applied between the component termi- 
nal and the protruding; electrode after the protruding 
electrode is adhered, to the conductive pad side of the 
PWB. An adhesive resin 14 is filled between the bottom 
of the component 4 and the bottom of the recess 10 of 
the PWB 1 in order to improve the fixing strength. 

FIG. 1.1 shows the cross section of the PWB 
assembly in a third embodiment of this invention. In this 
embodiment, a speaker (or a microphone) is composed 
of a recess 1 6 formed on the PWB 1 , a magnetic vibra- 
tion film 17 placed to cover this recess, and a coiled 
conductive pattern 18 formed opposing to the magnetic 
vibration film 17. 

The coiled pattern 18 can be formed by using the 
copper foil of the PWB 1 as shown in the plan view of 
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FIG. 12. The magnetic vibration film 1 7 can be made by 
applying magnetic coating to plastic films such as poly- 
ethylene teraphthalate (PET), polyethylene naphthalate 
(PEN) or aramid, paper or nonwoven cloth, etc. Instead 
of applying the magnetic coating, magnetic powder can 
be added to the material of the plastic film. The periph- 
ery of the circular magnetic vibration film 17 is adhered 
to the periphery of the recess 16 of the PWB 1 by using 
heat or adhesive materials. 

When alternating current signal flowsjnto the coiled 
pattern 18, alternating flux generated by the signal 
crosses the magnetic vibration film 17, and thus, the 
magnetic vforation film ,17 vibrates. In this manner, a 
speaker to convert the electric signal to the film vibration 
is provided. On the contrary, when the magnetized mag- 
netic vibration film 17 vtorates, the magnetic flux inter- 
linking with the coiled pattern 18 changes. As a result 
alternating current flows in the coiled pattern 18. In this 
manner, a microphone to convert film vibration to elec- 
tric current is provided. 

As a variation shown in FIG. 13, the magnetic vibra- 
tion film 17 does not need to be magnetized if another 
recess 1 6' is provided to the backside of the PWB 1 and 
a magnet 19 is placed thereon. Namely, a magnetic 
type speaker or microphone is composed of a magnetic 
vibration film 17, a coiled pattern 18 and a magnet 19. 
In such a speaker or a microphone, magnetic field due 
to the magnet 7 changes as the magnetic vibration film 
1 8 vibrates, and thus, alternating current is generated in 
the coiled pattern. Otherwise, the magnetic vibration 
film 8 vibrates due to the alternating current f towing in 
the coiled pattern. The magnet 19 is adhered to the bot- 
tom of the recess 16; of the PWB 1 by using an epoxy- 
based adhesive. 

In another variation shown in FIG. 14, a thin magnet 
(e.g. a rubber magnet) 20a is adhered to an nonmag- 
netic vibration film 20 comprising plastic films, so that 
the function of the film is as the same as that of the 
above-mentioned magnetized magnetic vibration film- 
Therefore, in this case, a so-called moving magnet 
(MM) type speaker or microphone is provided. 

In still another variation shown in FIG. 15, a moving 
coil (MC) type speaker or microphone is provided by 
forming a coiled conductive pattern 21a on the nonmag- 
netic vibration film 21 comprising plastic films, and elec- 
trically connecting it to the PWB 1: Alternating electric 
current flows in the coiled pattern 21a interlinking with 
the magnetic flux due to the magnet 19. The alternating 
current vibrates the vibration film 21 on which the coiled 
pattern 21a is formed. Otherwise, if the vibration film 21 
vibrates, the magnetic flux interlinking with the coiled 
pattern 21a changes and thus, alternating current flows 
in the coiled pattern 21a. The magnet 19 is adhered to 
the bottom of the recess 1 6 of the PWB 1 with an epoxy- 
type adhesive. 

In addition to the above-identified variations, sev- 
eral other variations to construct a speaker or a micro- 
phone can be made. By forming a speaker or a 
microphone integrated with a PWB, the cost for produc- 



ing an assembly can be significantly decreased com- 
pared to the case where a speaker or a microphone as 
a separate component is mounted on a PWB. In this 
method, an increasingly light and thin assembly can be 

s provided. The embodiments of this invention can be 
used for, e.g., electric devices such as portable phones. 

As mentioned above, this invention can provide a 
light and thin assembly by receiving a component in an 
opening or in a recess formed on a PWB and thus mak- 

io ing the component thickness coextensive with the thick- 
ness of the PWB. In this embodiment, the area of the 
PWB can be reduced by mounting another component 
on the first component and the circuit patterns can be 
easily designed. 

is In the method where a recess for receiving compo- 
nent by using a multilayer PWB, the circuit pattern can 
also be formed by printing, instead of etching. In this 
invention, the above-mentioned embodiments and their 
variations can be combined. 

20 

Claims 

1 . A printed wiring board assembly comprising: 

25 a printed wiring board having an opening for 

receiving an electrical component; and 
an electrical component placed in said open- 
ing, the electrical component being thinner 
than said printed wiring board and being elec- 

30 trically connected to said printed wiring board 

2. The printed wiring board assembly according to 
claim 1, wherein said electrical component has a 
substantially flat surface, wherein the printed wiring 

35 board has an exterior surface, and wherein the flat 
surface of the component and the exterior surface 
of the printed wiring board are substantially flush. 

3. The printed wiring board assembly according to 
40 claim 1 or 2, wherein a second component is 

mounted on said first electrical component placed 
in said opening. 

4. The printed wiring board assembly according to 
45 claim 1 or 2, wherein a second component is 

mounted stretching over said electrical component. 

5. The printed wiring board according to any of claims 
1 to 4, wherein a sheet member is provided to cover 

so the opening of said printed wiring board. 

6. The printed wiring board assembly according to 
claim 5, wherein said sheet member has at least 
one function selected from the group consisting of 

55 electric insulation, electromagnetic shield, heiat 
sink, and moisture protection. 

7. The printed wiring board assembly according to 
claim 5 or 6, wherein a second component is 
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mounted on said sheet member. 

8. The printed wiring board according to any of claims 
1 to, 7j, wherein a sealing resin is filled in the open- 
ing of said printed wiring board. 

9- The printed wiring board assembly according to any 
of claims 1 to 8, 

wherein an insulating layer of said printed 
wiring board is made of a compressible porous 
base material impregnated with resin. 

10. A multilayer printed wiring board produced by lami- 
nating plural conductive layers and insulating layers 
alternately, said multilayer printed wiring board 
comprising a recess for receiving a component. 

11. The multilayer printed wiring board according to 
claim 10, wherein said recess is formed by partially 
removing one or more layers of the plural conduc- 
tive layers and insulating layers that comprise the 
multilayer printed wiring board. 

12. A method for producing a multilayer printed wiring 
board having a recess for receiving an electrical 
component, the method comprising: 

a) preparing plural double-sided conductive 
layer boards manufactured by sandwiching an 
insulating layer between two conductive layers, 
and preparing at least one insulating layer 
board to be placed between said double-sided 
conductive layer boards; 

b) forming holes in each board of step a) for 
electric connection between the conductive lay- 
ers, and forming a hole that defines a recess for 
receiving a component in all but at least one 
board; 

c) etching the conductive layers of said double- ; 
sided conductive layer boards of step b), so 
that a predetermined circuit pattern is left; . 

d) electrically connecting the conductive layers 
of the etched double-sided conductive layer 
boards of step c); and 

e) laminating the double-sided conductive layer 
boards and at least one insulating layer board 
with holes aligned so as to form electric con- 
nection between the conductive layers and to 
form the recess for receiving the electrical com- 
ponent , and heat-pressing the laminate. 

13. The method for producing a multilayer printed wir- 
ing board according to claim 12, wherein said at 
least one insulating layer board is made of a com- 
pressible porous base material impregnated with ; 
resin. 



printed wiring board, and a connecting terminal pro- 
vided to a bottom portion of the electrical compo- 
nent is electrically connected to a conductive pad 
formed on a bottom portion of said recess by using 
s a conductive adhesive layer. 

15. The printed wiring board assembly "according to 
claim 14, wherein the electrical component 
received in the recess of said printed wiring board is 

10 substantially lower than an exterior surface of said 
printed wiring board. 

16. The printed wiring board assembly according to 
claim 15, wherein a second component is mounted 

is on said electrical component placed in said recess. 

17. The printed wiring board assembly according to 
claim 15. wherein a second component is mounted 
stretching over said electrical component and said 

20 recess. 

18. The printed wiring board assembly according to 
claim 15, wherein a sheet member is provided to 
cover the recess of said printed wiring board. 

25 .,•< -. 

19. The printed wiring board assembly according to 
claim 18, wherein said sheet member has at least 

- one function selected from the group consisting of 
electric insulation, electromagnetic shield, heat 
30 sink, and moisture protection. 

20. The printed wiring board assembly according to 
claim 18 or 19, wherein a second component is 
mounted on said sheet member. 

35 , .■ . • . - *. 

21. ' The printed wiring board assembly according to any 
of claims 1 4 to 20. wherein a sealing resin is filled in 
the recess of said printed wiring board. 

40 , 22. The printed wiring board assembly according to any 
of claims 14 to 21 , wherein a connecting terminal of 
said electrical component is electrically connected 
to a conductive pad on the bottom of said recess by 
using a solder ball. 

45 . 

23. The printed wiring board assembly according to any 
of claims 14 to 21 , wherein a connecting terminal of 
said electrical component is electrically connected 
to a conductive pad on the bottom of said recess by 

so using a two-stage protruding electrode and a con- 
ductive adhesive material. 

24. The printed wiring board assembly according to any 
of claims 14 to 23, wherein an insulating layer of 

>5 said printed wiring board is made of a compressible 
porous base material impregnated with resin. 



k A printed wiring board assembly wherein an electri- 25. A printed wiring board assembly comprising: 
cal component is placed in a recess formed in a 
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a printed wiring board having a recess; 

a vibration film provided to cover said recess; 

and 

a coiled conductive pattern disposed opposite 
said vforation film within said recess. 5 

26. The printed wiring board assembly according to 
claim 25, wherein a magnet is attached to said 
vibration film. 

w 

27. The printed wiring board assembly according to 
claim 25, wherein said vibration film comprises a 
magnetic film. 

28. The printed wiring board assembly according to any 15 
of claims 25 to 27, further comprising a magnet 
placed on an opposite side of the printed wiring 
board from the vibration film. 

29. A printed wiring board assembly comprising: 20 

a printed wiring board having a recess; 
a vibration film provided to cover said recess; 
a coiled conductive pattern provided on said 
vibration film; and 25 
a magnet disposed opposite said vibration film 
within said recess. 
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